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year earlier as an assistant at the meteorological institute of the university, a position that he kept until 1925, when he became research assistant in physical chemistry under The Svedberg.
This was early in an outstandingly fecund intellectual period in Svedberg's laboratory. Svedberg had returned in September 1923 from a very stimulating visit to Madison, Wisconsin, U.S.A., where with J. B. Nichols he had con structed the first centrifuge with an optical system for following the sedi mentation of inorganic colloidal particles, and with N. D. Scott had studied the electrophoretic mobility of egg albumin at several acidic pH values using an ultraviolet fluorescence procedure to locate the position of the protein moving boundary.
On returning to Uppsala, Svedberg, with H. Rinde, became very engrossed with the multifarious problems associated with the development of the ultra centrifuge. Because of the deficiencies in the fluorescence procedure, caused by low molecular contaminants, he introduced the successful light absorption method for following migrating protein boundaries in the ultracentrifuge, using ultraviolet light. The first sedimentation experiments with haemoglobin had indicated, much to the surprise of Svedberg, that the molecules were of uniform size and he had just developed theories for particle weight deter mination from ultracentrifuge experiments and from a combination of sedi mentation and diffusion measurements. It was obvious that it would be advan tageous to use the light absorption technique with electrophoresis experiments and Svedberg turned this problem over to Tiselius who was given a very free hand-or as Tiselius put it: '. . . electrophoresis appeared so much simpler from a technical standpoint, suitable for a young man to play around with more or less on his own. Moreover, the excellent instrument workshop greatly facilitated the testing of new ideas.'
Studies in electrophoresis
In 1926 Tiselius published his first paper, jointly with Svedberg (1). In this a description is given of a U-tube for electrophoresis having segments of quartz tube, so enabling migrating protein boundaries to be followed by the ultra violet absorption technique. A potential was applied to the apparatus from storage batteries through reversible zinc-zinc sulphate electrodes and experi ments were conducted in a room 'with a sufficiently constant temperature'. Measurements were made of the electrophoretic mobility of egg albumin in acetate buffers over a pH range from 3.4 to 5.75 and the isoelectric point was found by interpolation on the mobility curve to be at pH 4.7.
The promise of this initial work encouraged Tiselius to continue by himself in the field. He contributed (3) an extensive chapter to a big German 'Handbuch' on methods for determining the mobility and charge of colloidal particles, covering the subject from theoretical and experimental aspects. In addition he assisted Svedberg with the second revised and enlarged edition of his Colloid chemistry (162) and wrote a paper on the calculation of thermodynamic charac teristics of colloidal solutions from measurements in the ultracentrifuge (2).
Biographical Memoirs Arne Tiselins

403
In January 1928 he passed the licentiate examination in chemistry, a quali fication required before being permitted to proceed with work for a doctoral dissertation.
In 1930 the results of his comprehensive experimental and theoretical study of the moving boundary method for investigating the electrophoresis of proteins were published as a thesis (4) submitted for the degree of doctor of science at Uppsala. This thesis remained for many years the definitive exposition of the subject. On the technical side, temperature was rigorously controlled by using a thermostat and the limiting current loading consistent with convectionfree migration was established from experiments with alternating current. Silver-silver chloride reversible electrodes replaced the previous arrangement and the requisite volume for the electrode vessels was calculated from theo retical considerations. The optical and photographic conditions were refined, a concentration scale for light absorption was established with the aid of microphotometric registration and a theoretical justification adduced for utilizing the 50% concentration point as defining the authentic boundary position. A consideration of boundary anomalies included an experimental determination of buffer ionic strength required for their suppression; cate gorical distinctions were made between the character of boundary behaviour in anomalous migration and that arising from electrochemical inhomogeneity of protein preparations. The electrophoretic behaviour of several well defined proteins such as egg albumin, serum albumin and phycoerythrin was examined and in mixtures of such uniform proteins the components were shown to migrate independently of one another. Preparations of salt-fractionated horse serum globulin displayed inhomogeneous migration but no definite inflexion points wrere detectable in the photographic registration curves.
As a consequence of the excellence of his thesis, Tiselius was appointed 'docent' but comments himself, 'Although it was very well received by the faculty and by The Svedberg himself and led to my appointment as docent, I remember very vividly that I felt disappointed. The method was an improve ment no doubt, but it led me just to the point where I could see indications of very interesting results without being able to prove anything definite. . . . I decided to take up an entirely different problem, but a scar was left in my mind which some years later would prove to be significant. ' While involved in work for his thesis he read some biochemistry, which at that time was not included in the chemistry curriculum in Uppsala and became fascinated with the variability and especially the specificity of biochemical substances. The fact that protein preparations that appeared uniform in the ultracentrifuge did not necessarily behave uniformly in electrophoresis gradually convinced him that definition, separation and purification were problems fundamental to the whole of biochemistry, demanding the application of diverse techniques in view of the wide range of substances involved. He writes, 'Not only ultracentrifugation, not only electrophoresis but other methods would have to be explored, preferably those which depend on physicochemical pheno mena, as these are likely to be more gentle. . . . I remember speculating much 404 about further development of chromatographic and absorption methods. . . He did of course make major contributions to these subjects during his later research activities.
Although Tiselius had been appointed 'docent' his salary remained that of assistant in physical chemistry for a further two years until a 'docent' fellow ship in chemistry became vacant. Such departmental fellowships were held initially for three years and were usually prolonged for another three years with a possible seventh year extension. In exceptional cases a special research fellowship for another six years could be awarded but there were few of these and all faculties competed for them. The university had few permanent academic appointments and at the expiry of their fellowships 'docents' usually were forced to seek a living outside the university. In Uppsala University there was one chair in organic, one in general and inorganic chemistry, and in addition Svedberg's personal chair in physical chemistry. The situation in other Swedish universities was similar. In 1930 Tiselius had married Greta Dalen; they now had a young family and he was concerned about the future. Because of retire ment the chair in general and inorganic chemistry at Uppsala was due to become vacant in 1936 but no other chair in chemistry in Sweden was likely to be vacated for a considerable time. He felt it his duty to try to obtain the Uppsala chair and decided to direct his research interests into a field that wrould favour his candidature.
As a consequence of wide reading he became fascinated with the unusual capacity of certain zeolite minerals to exchange their water of crystallization for other substances, the crystal structure remaining intact even after the wrater of crystallization had been removed in vacuo properties changed when the dried crystals became rehydrated but no quanti tative study of the phenomenon had been made. In Uppsala extensive studies were in progress on the diffusion of proteins in solution and Tiselius wondered whether the optical changes in the crystals could be utilized to determine the rate of diffusion of w'ater into zeolite-a theme that might be considered more akin to inorganic chemistry than his studies on electrophoresis. Some prelimi nary experiments were made wdth zeolite (9) obtained from Swedish mineralogical collections but as these were poor in quality he decided to make an expedition himself to obtain better specimens. In the summer of 1932 he made an extended visit to some of the most remote islets among the Faeroe Islands in the Atlantic Ocean and has given a very vivid description of his experiences there: 'I collected some particularly high-quality specimens of zeolites during a visit to the Faeroe Islands, experiencing the joy of field work. Sometimes I was left alone for a whole day among freshly weathered rock on waterfront shelves at the foot of very steep mountains, sea puffins my only company until fishermen came with their boat to fetch me in the evening. I remember well asking them what would happen if the sea became too rough for their boat. They replied, pointing upwards: "We wall take you that way with a rope'' an experience w'hich fortunately did not prove necessary.'
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\\ ith these specimens, Tiselius elucidated the controlling parameters and developed an elegant and accurate quantitative method for measuring the diffusion of water vapour and other gases into zeolite crystals (10, 11). The researches were extended to kinetic studies of the diffusion and adsorption of various gases into the unhydrated crystals (12, 13), this work being accom plished during the tenure of a Rockefeller Fellowship during 1934-35 when Tiselius worked in the United States with Hugh S. Taylor at Princeton University.
Before leaving for Princeton he admitted that were he completely inde pendent he would concentrate on biochemistry where he thought that some of the most intriguing problems in modern science still awaited solution. However, because of the depressed economic conditions in Sweden at that time-the Kreuger companies had collapsed in the spring of 1932 and there was severe general unemployment-there seemed little hope of new permanent positions being established in the universities and he felt it imperative to aim for the chair of inorganic chemistry in Uppsala.
The year in Princeton proved to be a turning point in his scientific career; he writes: 'The atmosphere in the Frick Chemical Laboratory was very inspiring: I remember particularly Henry Eyring's seminars and the frequent discussions by groups of people from many different fields, with a frankness and informality which I had not experienced before. Of equal, or perhaps even greater importance for my future were the frequent contacts with the Rockefeller Institute, both in Princeton and in New York, which led to lasting and inspiring friendship with J. H. Northrop, W. Stanley, M. Anson and many others, as well as opportunities of meeting men like Landsteiner, Michaelis and (later) Heidelberger. They all expressed to me a strong belief in the future of "experimental biology". They knew my work in electrophoresis and when I told them about my difficulties they nevertheless greatly encouraged me to go on. . . . Thus while in the U.S.A. I started to make plans for a syste matic investigation of disturbances and sources of error in electrophoresis; even though this would take several years, I was now convinced that it was worth while.' Some time after Tiselius had returned to Sweden, Gunnar Hagg was appointed to the chair of inorganic chemistry at Uppsala, a choice that Tiselius considered undeniably correct. The appointing committee however emphasized that Tiselius's outstanding attainments made him worthy of professorial status although no suitable chair was then available.
The systematic reconsideration of the fundamental experimental factors controlling electrophoresis took less time than expected and led to the construc tion of an apparatus of radically new design which was first used during 1936. The circular cross-section of all earlier U-tubes was superseded by cells having a long narrow rectangular cross-section. For a given cross-sectional area this gave greater optical sensitivity and permitted a more efficient removal of the heat generated by the passage of the electric current, thus minimizing the risk of boundary disturbances arising from heat convections. The likelihood of 406 heat convections was further reduced by operating the equipment at 0-4 C, a temperature range in which the density of buffer solutions reaches a maximum and varies very slightly with change of temperature. These developments permitted the safe application of potential gradients at least ten times those possible previously and a much higher resolving power was attained for protein mixtures. The U-tube was constructed of glass sections which, having plane ground endplates, could readily be moved relative to one another by a simple pneumatic device. This facilitated the formation of sharp boundaries between protein and buffer solutions and in conjunction with a fluid counterflow arrangement made possible the isolation of electrophoretically separated samples for chemical and biological testing at the conclusion of a run. The movement of the protein-buffer boundary was followed refractometrically by Toepler's 'schlieren' method using visible light, which permitted both direct and photographic observation.
Tiselius first tested the potentialities of the apparatus by examining a sample of horse serum dialysed against a buffer solution. To his surprise he observed, after a couple of hours, four distinct schlieren bands indicating the migration of albumin and three globulin components which he named a, jS and y-he knew from work with his previous apparatus that serum globulin wras electro phoretically inhomogeneous but with it had been unable to resolve the compo nents. A paper describing the new apparatus in detail as well as the discovery of the major protein components of serum was sent for publication to a bio chemical journal but was refused as 'too physical'; it was eventually published in the Transactions of the Faraday Society and was received with the greatest interest (17).
In a paper that followed shortly afterwards further experimental results of great importance were described (19). Purified proteins, such as egg albumin and serum albumin isolated electrophoretically, displayed a single sharp band only during electrophoresis, whereas samples of y globulin obtained by electro phoresis gave a widespread schlieren band. The mobility curves of compo nents in whole serum were shown to agree substantially with those of the isolated components and by a graphical integration an estimate of the relative proportions of the components in horse serum was obtained. Serum from horse, man and rabbits gave similar patterns but with quantitative differences. In an immune rabbit serum the proportion of y globulin was much higher than in normal rabbit serum and by electrophoretic separation the antibody activity was demonstrably associated only with the y globulin component. From a study of serum protein fractions separated by salt fractionation, the value of electrophoresis diagrams for following purification procedures was disclosed and electrophoretic homogeneity established as a necessary, though by no means a sufficient, criterion of protein purity.
These two papers opened up an entirely new vista in protein investigation and Tiselius's basic observations were quickly expanded as a consequence of the installation of his apparatus in many laboratories throughout the world.
At this juncture it became obvious to Svedberg that steps had to be taken to ensure that Tiselius remained at the University of Uppsala and towards the end of 1937 his efforts were successful. Through a generous donation to Uppsala University in December 1937 by Major Herbert Jacobsson and Mrs Karin Jacobsson, of the well-known Gothenburg shipping family Brostrom, a special professorship in biochemistry was established, for research and teaching in those fields of chemistry and physics of importance in the processes of life. Tiselius was to be the first appointee to the chair. It had been the financial support of these same donors that had made it possible for Tiselius to begin his university studies at Uppsala in 1921. On 20 May 1938 Tiselius received royal assent to his appointment as professor of biochemistry and on 5 November 1938 at his inauguration lectured on 'Biology and protein research' (28). Svedberg put some space at his disposal in the Institute of Physical Chemistry and with the promise of support from the Rockefeller and Wallenberg Foundations, Tiselius was in a secure position to plan for the future.
He soon expanded his research activities to include work on the chromato graphy of colourless substances (38) but electrophoresis continued to be a major interest for many years. It will be convenient to describe the further contributions to electrophoresis that came from his laboratory before proceed ing to a consideration of his other work.
The very precise, though laborious, Lamm scale optical method already used extensively with the ultracentrifuge was adapted to the electrophoresis apparatus, so permitting the detailed delineation of the profile of migrating protein boundaries and providing a far more accurate quantitative assessment of the relative amounts of the components in mixtures of proteins than the procedure that was used previously. Utilizing this refinement, Tiselius and E. A. Rabat in a much-quoted paper (30) described the changes occurring when the antibody present in an anti-ovalbumin rabbit serum was removed by precipitation with the optimal amount of ovalbumin. Electrophoretically the proportion of y globulin was considerably lowered as a consequence of removing the antibody and by integrating the electrophoresis curves this decrease was shown to agree within experimental error with the amount of antibody estimated directly from the nitrogen content of the antigen-antibody precipitate. In the same paper the antibody in anti-pneumococcal horse serum was demonstrated to be associated with an apparently new component that migrated between the /3 and y globulin components, as defined in normal horse serum.
From ultracentrifuge studies of haemocyanins Svedberg and co-workers had found that within certain pH regions small changes in pH produced dissociation or association reactions of sub-units, that were reversible. With F. L. Horsfall, Jr, Tiselius made some electrophoretic investigations of mixtures of haemo cyanins (29, 31) which he described as follows: 'We had great fun together "crossing snails" as we put it. We demonstrated that the reversible dissociationassociation of haemocyanins from Helix pomatia and Helix nemoralis, achieved 408 by shifting the pH, led to the formation of hybrid molecules, whereas the same experiment with Helix pomatia and the more distant species Littorma littorea appeared to give no or very little hybridisation.' These were the first recorded experiments with a procedure that much later proved of enormous value to others in elucidating the sub-unit structure of abnormal haemoglobins in man and other animals.
The emphasis of Tiselius's interest was, however, generally directed towards methodology; he writes: 'People have sometimes asked me why we did not study at an early stage the many clinical applications which electrophoretic analysis of pathological sera seemed to promise. . . . But I felt that with our particular background and our experience it would be better to concentrate upon further improvement of the method in different directions and on appli cation to problems that were closer to our field of interest.' In keeping with this, the first dissertation emanating from his department was that of H. Svensson in 1946 which made fundamental contributions, with experimental verification, to the theory of moving boundary electrophoresis and described the application of the diagonal schlieren optical method that provided direct visual and photographic profiles of the moving boundary, thus eliminating the arduous labour associated with the Lamm scale method.
The real breakthrough for the clinical application of electrophoretic analysis in certain pathological conditions came with the introduction of zone electro phoresis on a filter paper matrix. In 1927, Tiselius had made some experiments in zone electrophoresis and had separated phycoerythrin (red) and phycocyan (blue) in a slab of gelatin, obtaining sharp migrating bands, but he did not at that time pursue or publish the work. The successful separation of aminoacids and peptides by chromatography on filter paper by A. J. P. Martin and co-workers in 1944 and the zone electrophoretic separation of some proteins in agar gels by A. H. Gordon, B. Keil and K. Sebesta in 1949, prompted several investigators to examine filter paper as a medium for electrophoresis-Tiselius was among the earliest of these. With H. D. Cremer in 1950 (84) a micro method for the zone electrophoretic separation of serum proteins on filter paper was described that required only 3-4 mg of protein compared with the 200 mg needed for an analysis by the moving boundary procedure. After separating, the protein zones were made visible by staining the paper strip with a bromphenol blue-mercuric chloride mixture. A quantitative measure of the amounts of the components was obtained by cutting the paper serially into uniform strips, eluting the dye from each and estimating this colorimetrically. The curve so obtained agreed substantially with that obtained for the same serum sample by the moving boundary method. The technique was developed further with H. G. Kunkel (94) to allow several samples to be com pared on the same filter paper sheet. With broad sheets, electrophoresis could be conducted sequentially in two dimensions at right angles, which gave greater discrimination of electrochemical heterogeneity and by using packs of several sheets of paper the apparatus was adapted for preparative purposes. Also by applying dextran as a reference substance of zero electrophoretic mobility, Biographical Memoirs corrections could be made for the endosmotic flow of buffer, so allowing the true mobility of protein components to be measured. In a further development with H. Haglund (85), an apparatus was devised for zone electrophoresis stabilized in a glass powder column, the proteins, after separation, being eluted with buffer and collected in a primitive form of fraction collector. Although this apparatus was intended originally for analytical purposes, the basic design was subsequently substantially scaled up by Tiselius's student J. Porath (1957) into an equipment, using other particulate zone stabilizers, for the electrophoretic separation of very large amounts of proteins.
A short but very important paper published in 1941 on the 'Stationary electro lysis of ampholyte solutions' (42) was the first to describe the fundamental principles underlying what is now referred to as isoelectric focusing. In a multi compartment apparatus, in which the contents of the compartments were effectively prevented from mechanical remixing by the intervention of membranes permeable to electrolytes and proteins, a pH gradient was estab lished by the electrolysis of a dilute solution of sodium sulphate. With this apparatus Tiselius was able substantially to separate the individual proteins in a mixture of ovalbumin (pi 4.6) and haemoglobin (pi 6.8). From the recent extensions of this work, predominantly by Tiselius's student H. Svensson, the present remarkably discriminating procedure of isoelectric focusing, that may be operated with only microgram quantities of protein, has emerged.
It can truly be said that the majority of the developments in the electro phoresis of macromolecules over a period of 40 years, have arisen from the fundamental contributions made to the subject by Tiselius.
A dsorption analysis: the chromatography of colourless substances
Following his appointment as professor at the end of 1938, Tiselius very quickly began to widen the range of his research interests. He felt that electro phoresis was hardly specific enough for separating the multitude of substances occurring in materials of biological origin and became intensely interested in chromatography, being surprised to find that little use had been made of such procedures except for separating coloured substances. He writes: 'I decided to attempt "chromatography of colourless substances" or as I preferred to call it "adsorption analysis" , by observing the separation not on the column but in the eluate. Influenced by my previous experiences I decided to use optical methods for continuous determination of the concentration of the separating substances as they were leaving the column.'
In the first two publications on this subject (38, 40) an apparatus was de scribed in which solutions for absorption analysis were forced upwards through a column of active carbon into a rectangular optical cuvette, the emergence of the solutes being observed with a diagonal schlieren optical system. A theo retical treatment was presented which related the retardation volume of an adsorbed substance to its adsorption coefficient and the mass of adsorbent in a column and also considered the modification of adsorption behaviour arising from the presence of a second more strongly adsorbed solute. The retardation volumes of glucose and lactose in aqueous solution were shown to be propor tional to the amount of the adsorbent and to decrease as the concentration of solute is increased, the latter being a consequence of the shape of the adsorption isotherm. Mixtures of glucose and lactose were readily separated on the column. In a further paper (43), the adsorption analysis of some amino-acids and peptides was examined, traces of cyanide being added to inhibit the catalytic oxidation of these substances on the carbon column. Of the aliphatic amino-acids, glycine was not adsorbed but carbon chain length had a decisive influence, one -CH2-group producing a marked increase in retardation volume. Aromatic amino-acids were markedly retarded. The retardation volumes of neutral amino-acids remained unaffected over a wide range of pH but those of the acidic and basic amino-acids showed a large pH dependence. A very complex elution curve was obtained with a tryptic digest of casein but intact proteins were not adsorbed on carbon probably, it was thought, because the active adsorbing centres were not accessible for steric reasons.
With S. Claesson (46) an important technical advance was made by applying interferometric methods to measure the concentration of solutes in column eluates, especially for substances in organic solvents. The chief object of this development was to overcome the instability arising from the very slight density differences between different layers of eluate, by restricting convective mixing to very small volumes. The volume of the interferometric optical channel was only 0.13 ml, and this apparatus was operated thermostatically. In addition, a primitive hand-operated fraction collector was provided to collect effluent fractions. The equipment can be seen as the forerunner of the complex modern fully automated chromatographic analyser-fractionater assem blies. This experimental arrangement was exceptionally well suited to the detailed study of the fundamental processes underlying chromatographic analysis and its use led to some important theoretical advances and to their experimental verification.
The distinctions were pointed out between frontal analysis, elution analysis and displacement analysis. In frontal analysis a solution is applied continuously to a column of adsorbent and because of differing retardation volumes, a series of concentration gradients corresponding to the various solutes develops sequentially resembling the situation in moving boundary electrophoresis. With this procedure the complete separation of components in a mixture is not possible but only their identification and estimation.
In elution analysis a sample of solution is applied to a column followed by solvent alone and in these circumstances a series of gradually separating zones develops, the procedure permitting preparative purification. The predomi nantly non-linear form of adsorption isotherms causes a stronger adsorptive binding at lower than at higher concentrations and this produces a character istic 'tailing' phenomenon in the concentration profile of the separating zones that was readily delineated by the interferometric optical registration system. The elimination of 'tailing' is a key problem in chromatographic separation and led to extensive studies by Tiselius with several co-workers. In general terms the problem for solution is to provide conditions, subsequent to the initial adsorption, that will bring about changes producing a linear behaviour in the adsorption of the substances to be separated, since under these conditions the migrating zones remain compact.
Initially (54) these considerations led Tiselius to an examination of the potentialities of displacement development, later referred to as 'displacement analysis', which is not dependent on the linearity of isotherms. In this procedure the separation of a mixture of substances is effected with a solution, in the same solvent, of a substance possessing a higher adsorption affinity than any in the mixture. Provided that the concentration of the correct developing substance is precisely chosen in relation to the isotherms of the components to be separated, a steady state becomes established. The components separate completely into contiguous zones whose individual concentrations remain constant and independent of the length of the adsorbing column, the length of a zone being proportional to the amount of a particular component. Such systems are, however, complex depending on the modification induced in the isotherms of substances by the presence of others. Detailed investigations were made later with L. Hagdahl and R. J. P. Williams with special reference to chromatography on carbon. These authors (98) devised a modification of displacement analysis which improved the procedure as a preparative process. The method named 'carrier' displacement facilitated the separation of two substances X and Y by using two displacers, one of which is intermediate between X and Y in adsorption affinity, the other having an affinity greater than either of them. The separating efficiency of such chromatographic proce dures was also discussed in relation to linear, Langmuir and Freundlich type isotherms (104).
In the course of this work it became clear that under certain circumstances the provision of a continually increasing concentration of an eluting agent would be advantageous. With R. S. Aim and R. J. P. Williams a reappraisal of elution analysis was undertaken and as a consequence they devised the procedure of gradient elution analysis (99) which permitted the concentration of an eluting agent, such as ethanol or a buffer salt solution, to be continually increased under controlled conditions. The increasing concentration of eluting agent, by effecting a graduated decrease in the adsorption affinity, eliminates the 'tailing' occurring in ordinary elution procedures and allows mixtures to be separated into a series of sharply separated zones. Other parameters such as pH may be exploited in a similar manner with appropriate ion exchange adsorbents and this procedure has become of decisive importance in current analytical and preparative chromatographic technique.
In most of his work on adsorption analysis Tiselius used active carbon as adsorbent and many attempts were made to modify its adsorptive properties by various pretreatments. Also the efficacy of calcium phosphate in the hydroxyl-apatite form was examined as an adsorbent for proteins (89, 105, 109) , in conjunction with phosphate buffers as eluting agents, with some degree of success, but the definitive solution to the problem for protein chromatography 412 was to come with the development of the cellulose ion-exchangers by Peterson and Sober (1956) . The decisive contributions of Tiselius and his co-workers in the field of chromatography lay in the elucidation of the fundamental processes involved.
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T he N obel Prize
In November 1948 the Royal Swedish Academy of Sciences awarded the Nobel Prize in chemistry for 1948 to Arne Tiselius for his work on electro phoresis and adsorption analysis and especially for his discovery of the complex nature of the proteins occurring in blood serum (80).
For some time previously, Tiselius had been unsuccessfully pressing the Swedish government to provide funds for the construction of an Institute of Biochemistry at Uppsala University. The award of the Nobel Prize had an immediate effect on official attitude, although in agreeing to the project the Undersecretary for Education and Research said: 'If you have done all these nice things we read about in the papers with only three rooms at your disposal, I have some difficulty in understanding why you need a whole new building.' One of the rooms he had been using had originally been intended as a pantry and at the time a Stockholm newspaper published, perhaps to some effect, a caricature of Tiselius as the man who won the Nobel Prize working in a kitchen. He was able to move into the new premises, adjacent to the Institute of Physical Chemistry, during 1952. The greatly improved facilities permitted the develop ment of an expanding programme at a time when physical biochemistry was attracting an increasing number of students and advanced research workers. There had of course long been established in Uppsala a department of medical chemistry, in the Faculty of Medicine, which was then under the direction of Professor G. Blix, with whom close contacts had always been maintained.
D extran and molecular sieve chromatography
Although Sweden was not directly involved in the World War of 1939-45, the direction of academic research was diverted, as in other countries, towards problems of concern for national survival arising in this instance mostly from the isolation of the country as a consequence of the hostilities of the belli gerents. Investigations begun in Tiselius's laboratory at this time did in fact influence the expanded research programme facilitated by the new (1952) Institute of Biochemistry (47, 53, 68) .
Because of his experience with proteins, Tiselius had been asked to under take work on the freeze-drying of human plasma and had also been approached by the Swedish Sugar Manufacturers Corporation who were having trouble with a slimy substance that obstructed filters during the processing of sugar beet extracts. The two young biochemists, A. Gronwall and B. Ingelman, involved in these projects wT ere able to confirm that the slime was due to dextran produced as a consequence of the bacterial infection of the beet extracts with Leuconostoc mesenteroides (Gronwall & Ingelman 1945 ). With a view to studying the problem more closely they attempted to produce an antiserum to dextran by injection into rabbits but were surprised to be unable to do so, dextran appearing to be effectively non-antigenic. Native dextran, already known to be a polyglucose, was found to have an unusually high molecular weight, of the order of several millions, and to be polydisperse (49, 56, 63) . Being aware of the value of providing a substitute for plasma, Gronwall and Ingelman explored the possibilities possessed by dextran and by suitable treatment with hydrochloric acid they hydrolysed it to provide a material with an average molecular weight of around 100 000. From this, saline solutions of low viscosity, isosmotic with plasma, were readily prepared and successfully tested initially in animals and eventually in human patients (Ingelman 1949) . This product manufactured first by the Swedish firm Pharmacia and later by commercial pharmaceutical houses in many countries has been extensively and successfully used as a plasma expander, although later experience has shown it to be weakly antigenic and in some circumstances to have slightly disadvantageous effects on the blood-clotting mechanism.
Commenting on this development Tiselius wrote: 'This story has always seemed to me to be interesting and significant since it demonstrates how a prepared mind (in this case, the awareness of a need) and a cross-fertilization of ideas may lead to useful results in a very unexpected direction. And many, perhaps most, significant results are unexpected. ' At the new laboratory in 1952, J. Porath and his collaborators became inter ested in developing large-scale preparative zone electrophoresis in columns packed with inert particulate stabilizing materials, especially modified cellulose and among other substances they tried using particles of dextran gel made by the cross-linking of dextran. After overnight electrophoretic separation the protein zones were eluted from the columns with a flow of buffer (Porath 1957) . On one occasion with a dextran gel column the current by mistake was not switched on overnight, nevertheless a splendid separation occurred when the eluting buffer was run through the column. An intensive study of this pheno menon was undertaken by J. Porath and P. Flodin (1959) which led to an explosive development in molecular sieve chromatography. The desirability of devising a chromatographic method by which separations were attained from differences in molecular size had been under discussion for some time previously in Tiselius's laboratory and attempts to solve the problem involved were being made contemporaneously elsewhere. It was the especially superior qualities of dextran gels and the fact that by controlled cross-linking a series of gels of graded porosity could readily be produced that proved to be of such decisive importance in this development. Largely through the pioneer work of S. Hjerten at Uppsala other gels, such as agarose and polyacrylamide, have also come into use for the same purpose. The value of molecular sieve chromato graphy for the separation of biological macromolecules can scarcely be over rated as can be seen from its almost universal use in biochemical laboratories. Also, molecular sieve chromatography has been developed on an empirical basis to provide estimates of the approximate molecular size of macro molecules. 414 In addition to the problems in which Tiselius himself was directly interested, investigations covering an extensive biological range were prosecuted within the Institute of Biochemistry by senior research workers, several of whom were subsequently appointed to professorships in universities throughout Sweden. In this connexion one can mention the studies of B. G. Malmstrom (1956) on metal-combining enzymes, of C. Weibull (1950) on the properties of bacterial flagellae and subsequently on the lysis of bacteria, of P. Roos (1967) on the purification of pituitary hormones, among many others whose researches were incorporated in a series of distinguished theses published from the laboratory. Thus the exceptionally catholic appreciation of significant biological problems possessed by Tiselius has had a widespread and continuing impact on scientific progress particularly in Sweden and indeed throughout the world.
Committee work and international activities
In the middle forties Tiselius undertook new activities in addition to directing and advising his co-workers and students which previously had been his major concern.
In 1942 Sweden had established its first research council, for technology, and arrangements for a medical research council were under consideration. In the summer of 1944 Tiselius was asked by the government to become a member of a seven-man committee to recommend measures for improving conditions for research in the sciences, especially for basic research. He took a very active part in the work of this committee and devoted a large part of his energy and time to these problems that he considered fundamental for the future of Swedish science. A little over a year after its formation the committee published its first report and proposals (Naturvetenskapliga Forskningskommitten: I. Den naturvetenskapliga forskningens behov av personal, anslag och loka tande av ett naturvetenskapligt forskningsrad. Statens offentliga utredningar 1945 : 48. Ecklesiastikdepartementet, Stockholm: 1945 . The work of the com mittee and its results may be described in Tiselius's own words (135, p. 17): 'I found to my surprise that people listened to me and often followed my advice. The committee was quite successful and practically all its recommendations wrere approved by Parliament-something very unusual in our early experi ence. ' In addition to a number of improvements for the science departments of the universities, the proposals led to the establishment of the Swedish Natural Science Research Council, Tiselius being appointed by the government as its chairman from 1946 for the first four years. Soon after he had started this task great demands were made on him from other government councils and com mittees such as the medical and atomic energy research councils, the board of the national defence research establishment and a newr committee for reorgan izing Swedish universities.
For the year 1946 he was associated with the Nobel Committee for Chemistry and from 1947 was an ordinary member of this committee. Later in 1947 he became Vice-President of the Nobel Foundation.
Biographical Memoirs
With the wide authority gained by Tiselius in various circles, many of his colleagues were eager for him to become Rector Magnificus of the University of Uppsala. However, he was definitely against this idea and claimed that he could do more for Swedish science as a whole if he were not rector.
At the first International Congress of Chemistry after the war, held in London in 1947 under the auspices of the International Union of Pure and Applied Chemistry (I.U.P.A.C.), he was elected vice-president in charge of the section for biological chemistry. Four years later at the I.U.P.A.C. conference in Washington, 1951, he was elected president of the union for a four-year period.
In the 1950s he was asked to join a committee that resulted in the formation of the 'Swedish National Society for Cancer Research' and he became chairman of its research committee.
He was very active in the sixties in the creation of the Science Advisory Council to the Swedish Government which under the chairmanship of the prime minister deals with Swedish research policy. He became a member of this council and of its 'working group' from its inception in 1962 until 1968.
In addition to his keen interest in Swedish science, Tiselius became increas ingly concerned with problems connected with international cooperation in science. In 1968 he wrote (135, p. 18): 'I often hoped that I.U.P.A.C. could play a more active role in organizing international research projects in chemistry, but perhaps time was not yet ripe for this. I believe, however, that such collab oration will become necessary in many fields. With the present expansion of scientific research, we will soon find that no single country can afford to do everything which appears possible or even promising. There tends to be a waste of effort by unnecessary duplication, by secrecy and competition based upon prestige. It is to be hoped that the international Scientific Unions will play their part in guiding the development in organized collaboration such as we have seen in the International Geophysical Year and which seems to be coming in the International Biological Programme now being launched.'
During the period 1960-64 Tiselius acted as President of the Nobel Founda tion and in this capacity he delivered an opening address every year at the Nobel Festival in December. In 1961 it was 60 years since the presentation of the first Nobel Prizes. Tiselius used this occasion to look back on developments during these years and on some of the problems created by the evolution of science, especially during the last decades (153). He mentioned the enormous material progress that had taken place, far beyond all expectations, yet in only a limited part of the world, with the result that differences in living conditions between people who have almost everything and those who live at or under the subsistence minimum are increasing rather than diminishing.
Later he said: 'Still worse is the problem now engaging the minds of us all: that some of the most important scientific discoveries of the last few decades have been used for making weapons for destruction on a scale one would never have thought possible and that some people believe that these weapons can settle the conflicts we are facing.
'It is not surprising that doubts are sometimes expressed about the ability of research to carry mankind forward; one even hears scientists being reproached with the lack of moral obligation in the face of the perspectives that their discoveries have opened up. True, the scientists can retort that it has also been possible to use their results for the benefit and prosperity of mankind and this in a particularly high degree. But it would be wrong to imagine that they are not fully aware of their responsibility and of the great risk that we may lose control of development. . . . This is true not only in atomic research. I should like to state my conviction shared by many others, that within the next few decades we can also expect progress within other branches of natural science which will confront us with problems equally difficult or more so.
'I am thinking chiefly of the search into the very basis of the life process, a search in which at present vast reserves of strength and intelligence are being mustered and material resources are being exploited to an unimagined extent. . . . It is possible-many think it even probable-that these ways will lead to methods of tampering with life, of creating new diseases, of controlling the psyche, of influencing heredity, even perhaps in certain desired directions, to name only a few examples. This can result in a still more refined and perhaps still more dangerous way of abusing the results of research than that implied in the instruments of mass destruction. Each new step forward in research increases man's power to influence his environment and this is true of nearly all the domains of science.
'Faced with such a prospect, we see the demand for an international moral code governing the use of scientific results as a self-evident necessity, which must be realized in the near future if life is still to be worth living or if we are to survive at all.
'One sometimes wonders if development is passing by a number of politi cians who now7 guide the world's destinies without their realizing what is happening. Up to a point this too may be the scientists' fault. ' Later on in his address, having referred to Linus Pauling's proposal to form a gigantic research organization which would devote itself entirely to studying the problem of peace, Tiselius continued: 'It is probable that scien tists could help, even more than they do now, those who hold the fate of the world in their hands-not least in the matter of long-term prospects. Yet one wonders how far along this road we should get if what we usually call goodwill is lacking.
'Nevertheless, I am not entirely pessimistic and I should like here to point to one factor which after all seems to cast some light in the otherwise sombre picture. International scientific co-operation and intercourse has never been so lively as now. People of different nationalities, races, religious and political creeds meet at conferences and symposia, admittedly to discuss in the first instance problems w'ithin their particular sphere, but exchange of ideas often goes far beyond this.'
As President of the Nobel Foundation and as a Nobel laureate himself, Tiselius was much concerned about the opportunity for the Nobel Foundation to use its unique position and status in some way that would be complementary to the prize-awarding role. He took the initiative by starting Nobel Symposia in each of the five Nobel Prize fields. His idea was that symposia having the 'Nobel mark' would easily attract the leading scientists and scholars from all parts of the world in the field of physics, chemistry, physiology and medicine, and literature and peace. The small number of participants in each Nobel Symposium would not only discuss the latest developments but also try to assess the social, ethical and other implications of such developments. He firmly believed and was strongly encouraged by many Nobel laureates that the Nobel Foundation could and should play an important role in bringing science to bear on the solution of the most pertinent problems of mankind. He was convinced that this would be in accordance with the spirit of Alfred Nobel.
Tiselius was a member of the organizing committee for the Nobel Symposia from its very start and it was due to his efforts that the symposia were financed by grants from the Bank of Sweden 300th Anniversary Fund.
From 1968 Tiselius was head of the newly formed Nobel Institute of the Royal Swedish Academy of Science. He was early an active member of the Swedish Pugwash group and was one of the first (in 1967) to discuss with the Soviet and American Pugwash members the possibility of moving the general secretariat to Stockholm. In 1966 Tiselius suggested holding a cross-cultural Nobel Symposium but it was not until 1968 that it was decided to have such a meeting. It would serve as a test case of the value and purpose of discussions among scholars of different professional and cultural backgrounds. The bias of overspecialization and narrowness Tiselius had already met at home. Only through his persistence and leadership could the proponents of specialization become convinced of the value of a Nobel Symposium at which the cultural, social and scientific aspects of the predicament of mankind would be discussed. This symposium was preceded by extensive correspondence with, among others, Ralph Bunche, Lester Pearson, Potr Kapitza, Joshua Lederberg and Konrad Lorenz. Con siderable efforts were made to enlist the participation of the Soviet scientist Andrei Sakharov but without success.
This first cross-cultural symposium was held outside Stockholm in September 1969. In his opening address (160) Tiselius said: 'We have chosen as title of this symposium "The place of value in a world of facts". This may be inter preted as based on a feeling that our world today superabounds with factsand still we are unable to use this knowledge in an optimal way to relieve mankind of its sufferings.
'Valuations are necessarily highly subjective but should be influenced by correct information about facts. But isolated facts or specialized knowledge are not enough. It is the interrelation between facts, the integration of know ledge in different fields, relevant to the problem, which may help us. If we cannot agree about values, we may at least facilitate mutual understanding by clearly stating the facts on which our evaluation is founded.
'I have referred to the abundance of facts-but is there an abundance of true facts ? In science and technology-yes. In some other fields of research -perhaps. But the rest, the facts which influence our daily decisions, our valuations, our political attitudes ? Facts can be and are distorted, people are purposely excluded from certain facts which may influence their attitudes. Distortion of facts in mass communication media are tragically one of the most efficient means of ruling the world today. By mixing true and false, one can make a terrible brew to manipulate the minds of the uncritical and not only of these.
'Especially to a scientist-like myself-such a situation is unbearable. In scientific research there is a clear distinction between false and true. Any attempt to manipulate this is deemed to be a failure. ' Two lines of development emerged from this first cross-cultural Nobel Symposium. They are of interest to mention because both indicate a beginning of historical processes in conformity with the hopes and ideals expressed by Arne Tiselius. One of them concerns the creation of some kind of world intel lectual or scientific community and the other to the continuation of crosscultural Nobel Symposia. It is typical of Tiselius's persistence and practical leadership that immediately after this symposium he started to think about the steps which might next have the greatest prospect of success.
At the beginning of October 1971 the Nobel and Rockefeller Foundations, following suggestions by Tiselius, jointly sponsored a workshop meeting of a small number of prominent scientists and humanists. Tiselius was the convener of this meeting which had the general title 'Contacts, co-operation and collab oration'. It was held at the Rockefeller Foundation's Villa Serbelloni in Bellagio, Italy. This small group recommended the two foundations to sponsor jointly a new workshop as early as March 1972, to include the directors of some leading research institutes in different disciplines and from different parts of the world, in order to test the feasibility of forming a federation of institutes for advanced study. Again Tiselius was asked to act as chairman. In the midst of the prepara tions for the March workshop and after having had an important meeting in Stockholm during the morning of 28 October 1971, Arne Tiselius suffered a severe heart attack in the afternoon when on the way to visit his daughter and he died the next morning.
Those who stood closest to Tiselius in these activities and a great many others who believed in his ideas felt committed to continue the work. At the workshop meeting in March 1972 again at the Villa Serbelloni under the joint auspices of the Nobel and Rockefeller Foundations, the International Federa tion of Institutes for Advanced Study (I.F.I.A.S.) was conceived and it was formally constituted at a later meeting in Trieste, Italy, in the same year. I.F.I.A.S. is non-governmental and consists at present (1974) of twenty prominent research institutes covering ten disciplines and situated in fifteen countries. The main objective of I.F.I.A.S. is in full accord with the belief of Arne Tiselius, that it is possible, under firm leadership, to outline scientifictechnical solutions or alternative solutions to some major world problems 418 Biographical Memoirs whose general importance is already widely accepted. I.F.I.A.S.-this new approach not tried before-has had a promising start and several transdisciplinary and transnational activities are at advanced stages of implementation. The headquarters of I.F.I.A.S. are in Stockholm.
The other offspring of the first cross-cultural Nobel Symposium concerns the continuation of this type of discussion. The participants of the symposium made a plea to the Nobel Foundation to arrange symposia regularly at which the 'predicaments of mankind' would be the leading theme. Developments in the world since 1969 bear much witness to the importance and necessity of mobilizing intellectual leaders in an attempt to tackle some of the present and future problems of an increasingly complex and interdependent world.
The Nobel Foundation decided that a second cross-cultural Nobel Sym posium should be arranged for September 1974, precisely five years after the first of this type. Its title is 'Man, his environment and resources'. It will deal with the philosophical, social, physical and other limitations to man's capa bility to determine his own future. The symposium is also interesting as a new step towards the kind of leadership by the Nobel Foundation that Arne Tiselius saw as both a right and an obligation.
Recreations and hobbies
Tiselius frequently made trips into the countryside; like many Swedes he was deeply interested in natural history and had a wide knowledge of botany and ornithology. In the spring he often made long expeditions by night with his son to places some distance from Uppsala where it would be possible to observe the courting behaviour of the capercailzie and hear the crooning of black cock (P. Tiselius 1973) . At other times of the year they also made many excursions for bird watching and for photographing birds. This interest of Tiselius led in June 1961 to the formation of a small private 'academy', the Backhammer Academy of Sciences, which consisted of a group of his friends who had a common interest in ornithology, some of whom were authors of publications concerned with birds and bird life. The academy included five fellows and their wives. Tiselius was the president; the vice-president was Dr Victor Hasselblad, the constructor of the well known Hasselblad camera. The other fellows were Dr Axel Ljungdahl, a former general in the Swedish Air Force who after his retirement defended a doctor's thesis on the history of religion; Dr Crawford Greenewalt, president of the du Pont Company of the U.S.A., who came to Europe each year especially to attend meetings of the academy, and finally a well known Swedish ornithologist, Dr P. O. Swanberg.
The academy assembled for about ten days every year during the spring usually at Jonsbol manor house belonging to Dr Hasselblad and once part of the Backhammer estate. The five families had a wonderful time at Jonsbol. The intellectual and spiritual atmosphere was very stimulating and bodily comforts were taken care of in a very pleasant way. From Jonsbol they made excursions to various parts of Varmland to study and photograph the very rich bird life in this part of Sweden.
When Tiselius was awarded an honorary degree at Prague University in 1969 the academy made an expedition first to Czechoslovakia and then on to Romania to study the bird life in these countries.
These annual meetings meant a great deal to Tiselius and were just the kind of recreation and relaxation that he most enjoyed.
G eneral
Arne Tiselius was a most modest, quiet and warm-hearted person possessing a sense of humour both acutely witty but at the same time gentle.
It was characteristic of his scientific approach that by critical analysis of well recognized qualitative experimental phenomena he was able to establish their fundamental theoretical basis and as a consequence introduce vital improvements in experimental technique. When he saw that a problem that he had formulated was being competently attacked by one of his students he was quite happy to hand over the work in its entirety.
On one occasion a close scientific friend remarked that Tiselius was the founder and president of the 'Society for the prevention of cruelty to macro molecules'.
In his advisory work with private and official organizations that offered financial support for scientific research he was more interested in recommending massive help to key individuals for projects likely to lead to the establishment of biological phenomena on a quantitative basis rather than in the distribution of minor research grants.
In later years he gave himself unstintingly to the care of his wife, to whom he was completely devoted, and whose health had failed prematurely.
Arne Tiselius is survived by his wife, Greta Dalen, whom he married in 1930. They had a daughter and a son. The daughter, Eva, married Torgny Bohlin, who is now a professor in Bergen, Norway. The son, Per, studied medicine and is a 'docent' in rheumatology.
We gratefully acknowledge the help given us in the preparation of this memoir by Professor Sven Brohult, Docent Sam Nilsson and Docent Per Tiselius. The Nobel Foundation kindly put at our disposal the unpublished English version of Tiselius's address at the 1961 Nobel ceremony. We have also drawn extensively from Tiselius's autobiographical essay 'Reflections from both sides of the counter' (135). 
